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ABSTRACT

In December 1982 a series of laser velocimeter measurements of the
near wake of a 2-D MACA 644010 airfoil model were obtained in the Ames
11 Foot Hind Tunnel, This work was undertaken in support of an

¢ extensive investigation tn evaluate the perfodic pressure distributions
and ioads on the wing which hed an oscillatiné. trailing edge flap.

The purpase of this report is to evaluate and documant the laser
velocimater measurementsvand compare the results with hot wire measure-

ments obtained at several locations in the wake,

Nomenclature

Q. v Streaznwise and vertical velocities (m/s)
X, ¥ Streanwise and vertical distances from airfoil trailing
edge (cm)
X Airfoil angle of atteck (deq)
‘ 5 Flap displacement (deg)
' Danotes RMS velocity (m/s)

e - Denotes edge value




INTRODUCTION

Tatl flutter in geroplanes and the howling of propellers in steemships
provide unpleasant examples of self-excited oscillations. However,
conditions in which the exterdal source of energy is the freestreem

can bose more than a nuisance. In fact tha interaction between elastic:
fnertial and dissipative forces with imposed unsteady aerodynzmic

forces can have disastercus results., Consequantly "flutter free"

design demands are often governing factors.

Unfortunately the unsteady aerodynamics of both fized and rotary wing
aircraft §s not yet sbfficiently understood to provida safe marging
“for flutter or buffet without recourse to experiment and camputation.
Experience has shown that flutter problems are most seve?e in
transonic flows. It is in this rarge, between Mach numdbers of 0.8
and 1.5, which cenerally include regions of supersonic as well as
subsonic flow, a combination of two profoundly different flow,
regimes. Here, instruments for flowfield measurement may have

significantly disturbing effects on the local flow parameters.

_Thus accurate documentation of cause and effect fs difficult.

Of particular concern in the use of total head and hot-wire probes at

transonic speeds 1s the ever present problem of flow interference., HWake:

flows are axtranely sensitive to local geanetry with streanline curava-
ture and associated mean static pressure gradients rendaring pitot tube

mean flow measuranents subject to error. Problems associated with

turbulent structure measurements are even more acute since, at transonic




speeds, separation of th2 measured rode varichles nerely mass flux

and total temperatures into velocity fluctuation and shear stress

fs a complex task. As a result, hot-wire turbulence data teken even

in zero pressure gradient, adfabatic or isothermal attached boundary ‘ .

layers show considerable scatter (Ref 1),

Although more costly, leborious gnd tedious to oporate,the laser
velocimeter probably represents the instrument of last resort for the
maasuremant of many practical flow fields. Once in oparation,
nonintrusive, unambiguous mean and turbulent Qelocities can be

measured.

Xn;1982 an expariment fin which steedy and unsteady surface pressure

distribut fons were measured on an airfoil with 2n oscillating flep was

conducted in the Ames ll-foot wind tunnel (Ref. 2). This test‘was - !
designed to provide an extensive data base for active controls and data

to compare with conputations (Ref. 3). Hot wire and Kulite measurements-. ..
were also made behind the oscillating flab to determine steady and '
unsteady wake profiles (Ref. 4). However, since hot wire measurcments

had not been previously attempted in such a severe environment, it was
decided to obtain rejundant flow field data with laser velcecimetry.

This not only insured against failure of either method but aiso helped

to catemine the extent of relizble hot-wire 2pplication for transonic

flutter studies.

As laser velocimeter measurements had not been previously attenpted

fn this facflity an evaluation was undertaken by Complere Inc, prior ' ~

to the oscillating flap experiment, This task required the dasign and
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fabrication and assesbly of an optical configuratfon that was compatible
with the physical layout of the ll-foot tunnel, For this work, vhich
was carricd out as an adjunct to A scheduled test, ﬁolor separation znd
a8 parallel bezn matrix was achieved on an optical bench outside the
tunnel, Transmitting and receiving optics were mounted fnside the
f;plenum where both forward and back-scattered licht was collected and
photo multiplier outputs preamplified bafore processing by the self.
contained laser velocimeter electronics in the control room. HMeasuremants

were obtained in the freestream along the tunnel center line.

Although tunnel test time was severely limited (<30 minutes) the test
confirmed LOV feasibility since, in the forward scatter mode, data
rates of several hundred per second could be achieved even with low
1zser power (~ 0.5H). Howav.er, it was evident that tunnel seeding
would be required fo} the oscillating flep test to keep test time

reasonzbly short and within ecceptebie costs.

EXPERIMENTAL. DETAILS

Test Model
The experiment was conducted on a 2-D FACA 64A010 wing model with an

oscillating, trailing adge flep hinged at 75 percent chord.

The model which hed a 0.5m chord and 1.37m span was mounted in rotatedle
plates imbedded in vertical splitter plates vhich spanned the test section
(fig. la). Test conditions were varied from 6.5 to 0.85 Mach number at
stzgnation pressures from 1/2 to two atmospheres. The incidence of the

atrfoil and flap could be varied over a wide ranca and the flap could

be oscillated up to a frequancy of 60 Hz with an anplitude of + 6 degrees.




Laser VYelocinater

Velocity measurcments were made in the near wake with the laser
velocimeter shown schematically in Fig lb. This system was designed
and assembled by Complere Inc. and built by‘NASA fmes. This fringe-
mode velocimeter is a dual-color system utflizing the 4380 and 5145 )
Angstran lines of an argon-ion laser. One spactral line s used to

measure the streanwise velocify component, the other to measure the

vertical velocity conponent. Bragg-cell frequancy shifting, vhich is
necessary for probing highly turbulent and separated flow regions, is
incorporated in both spactral linet. The freguancy offsets also facili-

tate the direct measurement of the vertical velocity component (i.e.,

+ 45° beam orientations to resolve the vertical velocity are unnecessary).

As seen in Fig. 1b, -the laser and most of the optical ccompcnents are

Tocated outside the tunnel plqnum chémber, vhere color separation,
Bragg-cell frequency shifting, and the establishment of the four-

beem matrix are 2cccmplished. Only the transmitting optics, collecting
lens, and photo datectors are mounted inside the plenunm chambcr.

This brecludes lasér cavity pressure problems and helps ease alignment
difficulties. Two traversing systems are shown inside the plenum chamber, . .
The one on the opposite side of the test section fram the laser holds -
the collecting lens and photo detectors for forward-scatter light
collection. The traversing systenm on the laser side of the test section
supports the transmitting lenses. Mirrors fixed to this traversing

systen permit two-dimensional scanning of the velocimeter's sensing

volume; the optics outside the plenun chamber remain stattonary. Both

traversing systéns are driven with conputer-controlled stepper motors




The ef fect ive sensing volume is zpproximately elliptic, 200 um in
dizmeter and 3 mn long, with the axis aligned in the cross-streém
direction. Heasurements were made in the near wake at 2.5 andA12.7

cm from the flap trafling edge at a Mach humﬁer of 0.8 and a stagnation
pressure of one atmosphere, i.e., & chord Reynolds number of 6.5 million,
Static data were obtained at three different airfoil and flgp angle
settings. Dynamic measurements were tiken at a flap oscillation
frequency of 30 Hz which cbr?esponds to & reduced frequancy of Q.35

based on the airfoil chord.

Seeding

Haximun optical systen sensitivity is essential for meaningful measure-
ments particularly in large wind tunnels. In these 2pplications solid
angle light collecticn is reduced so that there is always the possibility
that only the velocities of larger particles, which may not follow the
flow, will be observed. Thisvc0uld resuft in errors in the mean flow |
and turbulence measurements and difficulty in obtaining data in vortex
cores. Previous measurements have stressed the value of forward scatter
’optical systems vhenever poss(ble. since data rates which are orders

of magnitude higher than those in the back scatter mode can be achieved.
Rather than relying entirely on natural wind-tunnel aerosols for the .
light scattering, 1t 1s avischle to introduce an artificial aerocsol

of known size distribution vhich can be generated with an ultrasonic
nozzle mounted in the wind tunnel. The size distribution of such an
aerosol with a count mozn diameter of less than one micron is shown in
Fig. 2. Such aerosols have been found zdequate for turbulence studies :

of shock boundary-layer interactions and vortex flows at transonic
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‘and suparsonic spaeds. To confirm this, axial and vertical veiocity

measurements have been previcusly obtained at varizble threshhold

 settings on tha processing electronfcs (Ref. 5). At high settings,

only a few of the larger particles which passed through the center

of the probe volume were considered, vhereas at low threshhold settings
velocities of thz submicron particles dominated. Even in vortex

cores, the mean flow angle veried less then 3° wfth threshhold setting
changes which reduced the velocity data rate from 16,000/sec to

1,000 sec. These results were in substantial agreement with data
obtained with natura} seedfng. So that,in general, secd ﬁaterial

need only be introduced vhen high data rates necessary fbr conditional

sanpling or spactra measurenents are required.

In the current experiment seeding was achieved with the installation of
a Sonimist (model 500) nozzle which was mounted on the downstrezn side
of the turning vanes ahead of the settling chamber in the center of

the tunnel with the outlet pointing downstrean., Although this producé&'
a sufficient supply of scattering centers for_the steady flow measure-
ments it was barely adequate (maximum of 1000/sec) for the time
dependent measurements. The seeder was controlled by an air pressur97 ’

valve ectuator located in the control roam.

Data Acguisition

In zdition to computer software;’the data reduction system consists
primarily of three elements: signal processors, an event synchronizer

and a desk top conputer. These elements are shown schenatically in

" Fig. 3.




Each processor cutput contains the information réquired to calculate thé
instantancous velocities u, v. From these determinations, the average
velocities U, v, RMS turbulence levels u', v', and the cross correla-
tions u'v', are all calculated. Plots of these parameters are dtsplayeq
on line as profiles are measured and hard copy fs availcble as required.
All the raow and ;educed data acre stored on flexible discs for pamanent
storage and retrieval, Real time histograms, probability densities

of all three velocity écnponents gre displayed during data ecquisition.

A two-dimansional unsteady flow progrem for LDV data reduction

is also available. Unfﬁrtunately, laser velocimeter data are usually
difficult to conditionally sample since in most cases the data rates
are insufficient to generate real-time information from whfcn the
sampling criteria can be determined. A technique close to conditional
sampling can be used to gonerate ensemble avereges at given phase
angles in turbulent flcws superimposed on parfodic motions, such as
those in reciprocating machinery or helicopter wakes, for example.

In these cases, the sampling condition can be derived from a periodic

timing signal.

A schematic of the two component measurenent procedure used in the
present test, is shown in Fig. 4 where the internal clock of the
event synchrbnlzer (multiplexer) is reset by an external pulse. In
this case, readings from the multiplexer now contain information to
calculate two instantanecus velocity ccnponents and time of arrival.'

From these daterminations ensemble averages, throughout the unsteady

period, can bte ganeretod. For each "data window," which can be
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varied, U, v, u', v* and UTv' are calculated and displayad on line
along with the histograms. At the conclusion of eacih profile, plots
cad be generated. Once 2gain all the raw and reduced data are perma-

nently stored on flexible discs.

In the present test, positioning and sinusidal oscillation of the flap
was accomplished by servo controlled hydraulic acuators which drove
the flap through vertical push rods in the splitter plates. The
external reset pulse for the multiplexer clock was obtained from
this flap drive mechanism.

RESULTS

Static Measurements

Laser velocimeter data obtained at fixed airfoil angles of attack of
zero and four degrees with fixed flap>angles of zero and minus four
degrees are tébulated ard plottied in Figs 5-9., Figs 5 and 6 show
the symmetry of the axial velocity profiles in the near wake at.zero
angles of attéck. In thase cases there was excellent similarity
between the laser velocimeter and pitot wake profiles. The axial
and vertical velocity profiles show symmetric flow angularity consistent
with wake closure and recovery downstream, Closé inspection of the
RMS»axial velocity fluctuations, particularly at 12.7 om, reveals
double paaks, one on each side of the wake center line close to the
regions of maximum mean Qelocity gradient., This implies that an

eddy viscosity formulation could describe the shear layer behavior.

On the other hand when the airfoil and flap angles are increased

~ (Figs. 8 and 9) RMS levels no longar scale with the local haan gradients,




and wake recovery increases at a rate which is zpproximately 50 parcent
faster. Calculated turbulent length scales estimated froam the wake

width and the ratio of tha RMS levels wot wake velocity defect, increase

by a factor of two. In this case it is clear that large scale turtulent

,mixing dominates and that these energetic motions lead to more rapid

wake recovery. -

Although there was similarity between the laser velocimeter and pitot
profiles at zero angles of attack (Ref. 4), at 4 degrees theré are

marked differences (Fig 10). Although true axial velocity is difficult

to determine from pitot ﬁrofiles the probz indicates incipient separation,
whereas the velocimeter profiles ﬁhaw only a thick retarded upper

layer with significant én;rainment and a thinner attached lower boundary
layer. Howaver, the measured surface pressure distributions were -

ident ical during both sets of measurements,

After wire calibration, direct canbarisons can be made between the hot-
wire (Ref. 4) and laser velocimeter measurements, These comparisons

are shown in Figs 11 to 15 where the square.symbois denote LDV data.

At zero angles of attack (Figs 11 and 12) the axial velocity profiles
campare quite well although the wire data suggest a wider wake close to
the flzp trailing edge. Agreement between the vertical velocity profiles'
is not 2s good. A zero shift in the hot wire data seems o be present
especially in the downstream profile (Fig 12). On the other hand, '
there is good agreement between the vertical velocity profiles in Fig

13 vhereas the hot-wire axial profile shows greater wake deficit with

less displacement, i.e. below the actuzl location of the flap trailing
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edge. Close to the flap at fbur dagrees angle of -attack (Fig 14) the
agreement s poor, the hot-wire data show a severely retarded upper
layer which is much thicker than the laser velocimeter profile.

Agreement befween the two vertical velocities is poor once again
suggasting a zéro of fset in the hot wire data. Further downstream

(Fig 15), the wake profiles disagree in both deficit ard iocation and
there is no correspondence batween the two vertical velocity profiles.
Computed flow angularity from the laser velocimaeter data show downwash
whereas fhe hot-wire data suggest uprash. Spanwise flow nen-uniformities

could explain these discrepancies.

Dynamic Measurements

For the cases of flap oscillation the LDV data rate was insufficient
and too inconsistently distributed to obtain cyzle to cycle information,
Accordingly, the total numbgr of vélocity readingsvwas divided amcng
several flap angle windows and conditionally sampled over many cycles.
1f some windows were filled tefore others, they continued to accept
reédings, replacing the older data within their own windows. This

ensured that only the most current data were reduced.

Ensemble-averaged measurements for the case of 30 Hz flap oscillation
are shown in Figs. 16-18 for zero fixed airfoil angle of attack and a
mean flap-position of -4 degrees. This sequencé shows that at -2 degrees
flap angle the upper surface flow is once aain retardad by the adverse
pressure gradient, at -4 degrees the wake deficit and width are increased
and at 6 degrees significant wake displacement can aiso be seen in addi-

tion to still greater wake effects. A comparison of the measured vertical
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velocities shows increased weke deflection amgles with increasing flap

deflection,

Comparison of the static ard dynamic results for a flap angle of -4 degrees
(Figs. 7 and 17) shows that the dynamic profile has a wider wake and |
|8rger turbulent mizing length consistent with the time dependent shedding
of large scale free vorticity, the result of periodic circulation varia-
tions. Admittedly though, the wider dynznic wake could also be due to

the wider data measurement window and flow field jitter which leads to
diffarences between the most likely and probability density function

mean profiles and RMS levels. In general the most likely profiles are
sharper with low RHS turbulence levels. POF profiles terd to be smsared
with higher RMS valuas. Comparisons of the laser and hot-wire velocity-
measuraments, averiged over the sane data windows are stown in Figs

19-21. In most of these cases agreement is only fair, the hot-wire shawing
gredter wake deficits and widths but virtually no upward weke deflection
as the flap angle increases. The vertical velocity profiles have similar

shapes although their signs and magnitudes are often quite different,

CONCLUDING REMARKS

Conventional and ensemble-averaged laser velocimeter measurements
have heen eccomplished for several test conditions in the l!-byéll

foot wind tunnel at NASA Ames Research Center., These measuraments

demonstrate the potentfal of the laser velocimeter for applications

fn other than closely controlled, small-sale laboratory situations.

However, befare extensive large-scale research programs are undartaken



in major wind tunnels, attention must ba directed to remote optical
alignment capabfility. This will enable longer run times and wore
efficient tunnel operation. For time depcndeat measurements, increased

seeding density will probably be required.

Comparisons of the laser velocimeter and hot-wire measdrements in

the near wake show some inconsistencies between the two techniques
which appear to be accentuated for the cases of flap oscillation.
However, these results should still provide challerging test cases

for computaticn,
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b e «-2,.%40 ¢cn Alpha =+0,0¢ Freq s 0,00 Hz

b4 s 0,020 ¢cn Daelta s=4,0¢ CoUinf (LDVWOw 261.3 m-s
Hachzs 0.800 Hean Deltas-4,0° Uedge (LDVI® 264.C ‘s
Reyn=cS60000 Asplitude =220,0° Ueage (HU) 8 256.0 a 3
| LDV DATA  (STATIC)
U v ' U1 Vi
¢ em Ue Ve Ue Ue ORiciMAL -, - .
«.032 0,9991 0.6039 e.0219 0.047?s OF POOR Qd.{.ﬁ
1.778 0.9963 2.6934 0.02¢c8 0.045¢§ S
1,651 0.9916 @.0076 0.3273 0.0472 :
; 1.9524 2.980Y B.06112 20.0324 0.0462 .
! 1.397 Q. 9461 0.0031 . 0.8%86¢ ©.0499
1.270 0.8866 8.0070 8.6687 6.0334
1.143 - 0,.7999 -8.0026 - 0.60893 8.03593
1.016 0.£967 0.00%t0 0.087% 6.07%7
0,869 Q. €364 0.8296 8.0914 @.0938
62 0.6384 0.8%99 99,1072 8.097¢6
©.635 a.7120 85.0817 0.121? 0.0961
0.508 0.7969% 60,0769 6, 1001 8.0931
0.381 0.e618 0.0928 Q. 0858 6.0774
0,254 8.9002 8.8996 0.087¢8 8.0639
0,127 0.9563 0.09193 . 0.049? 8.0609
0.000 8.9670 0.0809 0.0405 0.03587
~0.12° 6.9833 0.0846 8.0344 0.0536
-0.254 00,9841 0.3783 0,02283 8.0502
-0.381 1.0000 9.6777 8.0320 0.6478
-0.%08 @G.9979 0.0?772 ©.0290 9.064685
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PR LI TR

X -,-2.546 cm filpha ued,00 Freq = 0,00 H=

Z s 0,000 ¢n Dslta s=-q4,0° Uinf (LDV)=® 261.2 m-3
Machs  0.800 Mean Deltam=4,08° Usdge (LDV,= 24,2 m g
feyn=oS0003Y fimplitude =208,0° Uedge (HM)> = 240.1 m-s
' LDV DATA VSTATIC)
[A) v U1 V1
. L Y cm Ue Ue Ue Ua .
e 4,064 1.0000 ~0.1826 0.0338 ~  0.4919 '
3.55¢ 0.95693 -3.0%22 0.031% 0.0401
3.848 0.9219 ~2.0%48 8.04%9 0.85%41
2,340 0.9336 -0,088¢c4 . 0.0494 0.06842 .
2.28¢ 0.8679 -0.0%93 0.089%3 0.0712 :
2.032. . 68312 -0.6493 - 0.0759 ¢.068449
1.77 0. 5008 ~0.044949 v.11¢9 0.095%
1.584 0,710 -3,04%9 0.110% 0.0940
1.270 0.7876 -0.0419 0.1211 0.08E3
1,133 V.677€ -0.08289 0.1184 . 0.0635%
1.018 0. 6384 -9.0236 0.1264 0.090¢
0.889 @.€351 -3.010% 0.1135 8.0880
g.7€2 0.5540 -0.0122 0.089%1 6.072¢
0.63%5 0.6768 6.0122 9.0999 0.0902
0.5086 0.734527 8.08261 6.1101 060.0625
Q.32 0, 8757 8.0274 - 6.0369 @.0722
0.2%4 8,872¢% 8.0289 0.0935¢ 0.6E4%9
o.12?7 Q,9327 0.02%1 0.3825% 0.05808
98.000 0, 9441 0.0208 - 0.0985¢ 0.634S
-0.127 0.974% 0.8171 00,0358 0.048%
-8, 2% Q.9882 0.8165 0.0342 6,0440
-Q,381 G.9922 6.0162 0.0294 ©.040¢
-0,50% G, 9%43 6.0221 0.024¢ 8.0439
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e e

X ®=12,700 ¢n Alpha neq, 0 Freq = 8,00 Hz

2 = 02.000 cnm Dalta =-q,0° Uinf (LDVy= 2€61.3 m-s
Mach=s 0,800 Mean Deltam=4,0° Uedge (LIV)Y®e 2€3.2 nrg

Reyn=5500000 Ruplituds =20,0° - Uadge (HH) = 257.3 wm/s

LDV DATA  (STATIC)

A - ur v
Y cnm Ve ue Ue Ue
2.413 0.9917 -0.0741 o B.02%7 0.068086
1.905 0.90870 ~0.6369 0.08347 . ©.12067 CRIGINAL == - -
1.€51 0.9791 -0.8352 8.04c9 6.1199 OF po oy e
1,397 0.9809 -3.03c0 9.0387 0.1200 OR CusLy
1.143 8.96?73 ~0.0264 0.0475 . ©.1238
0.8869 @.95058 ~0.0225 0.092? 0.1217
0.63%5 0.8874 -0.0323 0.0940 0.1221
0.361 0.9611 -9.0072 0.9096% 8.1179
0.127 0.8207 -0.0144 0.0962 . ©8.1094
-0.127 0.7973 ~-6.0967 0.0787 0.1113
-9.381 0.728% -9.9100 0.68751 0.1074
«0.639 e.7936 0.0027 9.08675 6.,0929
-0.869 8.806¢ ~8.0093 0.8705 8.6794
~1.142 8.837% -0.610S5 - 0.07S8 0.08729
-1.39%7 B, 5745 -0.0184 0.0&%¢ 0. 8681
-1.651 0, 9244 -0, 020608 = 86,6915 8.0641
-1.905 1.0008 -9.0190 0.0370 6.0493
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X = -2,540 ¢cn Rlpha =+0,0° Freq = 9.0@ H=z'
2 = 0,000 cm Delta =+Q,.0° Uinf . (LDV>= 2€1.3 w. 2
Mach= 0,860 Mean Deltaz+p,0° Uedge (LDY>»= 264.2 m-3
Reyn=s%060680 Anplitude =29,0° Uadge (HWY» = 268.9 n-ss
LDV DATA (STATIC) HJUT UIPE DATH
U v U v
Y cm Ue Ue Yoem Ue Ue
1.524 8.,9947 -0.02386 12.7060 1.0000 @.06070
1.279 0.9851 -8,.06245 10.1¢0 1.0030 -0. 0100
1.143 0.9810 ~0,0232 T.€20 9.9€96 -3,0100
1.818 0.9749 -0.0622¢ $.06306 0.9730 -0, 0030
g.889 0.9649 -8.,0220 2.810 8.95%50 0.0020
9.762 B8.9434 -3,0238 2.540 0.95486 -3, 0040
0.63%5 8.911% ~-Q.0141 "1.905 6.932¢e @,0140
0.502 6.879%¢ -8,0276 1.270 8.2940 @. 6200
0.381 ©6.6417 -3,0248 0.635 6,7190 B.8020
0.254 .78z -0.0193 0.000 8.£920 ¢. 0440
0.127 0.7492 ~8,0829%¢ -+ 635 8.8910 B8.0520
8.000 0.6929 -0.0218 -1,270 0.%240 6.0470
-, 127 B.712¢ 0.6879 -1,905 e.9190 8.0570
-, 2%4 2.860% 6.0917¢8 -2,949 0.93€0 0, 0439
-.381 0.85? ©6.0243 -3.610 8,9370 G, 0470
-.508 ©.9083 0.0239 -5.020 2.93¢€0 60,0570
-. 635 @.9571 0.0229 -7.620 6.98€0 @. 05209
-. 762 0.9780 8.0242
-. 889 €.982S 9.02043
-1.016 0.994% 90,0188
-1.1453 6.9951 0.0203
-1.27v0 8.9957? 0.8157
-1.397 1.0000 8.6203
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. X 8=12,700 ¢

- 26

ORIGINGAL v 17
QF POOR CUF

Alpha u+Q,0° Freq = 0,00 H:
- s B,000 cn Delta s+0,00° Uinf  LDVIes 251.3 w ¢
Mach= 9,300 Maan leltas+0.0° Uedye LDVs® 2€4,.2 we
. Reyn=sES00000 fuplitude s20.0° UadQé HY: ® 264,95 t-s
", o LDV PATH CSTATICY HOT WIFE DATA
T K \ u v U v
: Y ecm Ue Ue Y cm Ve ue
: Q.413 ©.993% ~-0.0063 12,200 1.0000 0, G330
2.1%% 1.0009 -0, 00352 10,10 1.0199 08,0250
. 1.90% 8.9997 -Q.0235 ?.640 1.0070 0, 02590
1.651 0.99¢1 -0.0043% $. 080 1.0148 0. 02490
14397 8.9944 -3.0043 3.8:0 0.9970 Q. 2720
: ' 1,143 Q.9e6% -0,0125 2.%40 1.0110 ¢, 0260
. 9,669 Q. 9924 0. 0126 1.90% 1.0160 0.0:00
- 0,63% 0.56524 -0,0082 1.270 0.9820 0.0180
0,381 0.6244 -0.0044 [P 8.68€20 @,0220
.17 0. 80ul 0. 0001 ¢, 000 0.8c00 B, 0320
-, 127 0. 8042 0, 000% ., 835 0.9420 0,0340
-. 351 0. 63%0 c.0023 . =1.,270 0.9720 0.639%0
B ~e53% 2.,9012 G.002Q T =1.90% 0.9900 0.04C0
-, 8E% @.982¢ 0.0061 ~2.340 9.9%20 0, 0400
-1,142 0.99e7 0.0041 «3,310 8.9920 0.0540
-3.880 1.00850 0,0400
-?.520 1.0230 ©.03%0
150 Y \ "e Y
st < 1 ws b ¢ 4
ey < > 5.8 p ) 4
1sb - © - 11} < 4
.8 p © ~ .. 9 [«] . q
; ¢ g
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X ® «2,%40 ¢ Rlpha o+, 0¢
2 w 0,000 c Delta n-g,0®
ttachs  (,830 Meean Deltpe-4,0°
Reyn=53006000 Anplituge =20,6°
LDV BATA (STRATIC)
[V} v
Y ¢t Ue Ue
€.032: 8,993 9.00239
1.7?8 0.9963 0.0034
1.691 0.9918 0.6076
1.524 8.9801 0.0112
1.397 8.9461 0.0031 ¢
1.270 0.88c8 0.0070
1.143 0.799% -0.802¢&
1.01¢ e,6987 @.0010
0.669 0.6364 0.02%6
' 0.762 0.6584 6.0399
0.63% 0.7120 0.0817
6.558 . 2983 0.0789
0.351 0.86139 0.0928
0.2%4 2.9002 0.593%6
0.127 0.9563 8.90915
8.0060 0.9870 0.0669
- 127 9.92833 0.054¢
-025" 00934l 9.&?55
-, 3681 1.08a00 0.07?27
~.508 0,9970 B.0?%&
188 v v
e [~ E
nwp <
18F [od 4
t8 ) -
5 ° £
[$) s b 3 py (8}
> ¢g _ >~
° {FS% 5 80 o
(X P -
8k ° 4
o
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Fig., 13

Freg -

Uinf <LDvs 2
Uedge (LDV,= 284,22 m-s
Uedge (HW) = 22€.8 wm-s

0.00 Kz
561.3 m-s

HOT UI&E DATH
U v
Y- co Us Uve
12,7060 1.0000 G.0czc0
?.622 0.9870 0.0210
3.610 09,9460 @.0330
2.340 0.9520 U, 0080 .
1.%05 0.9610 G.0210
1.524 B.8420 -9.0130
e 0. €000 -0.0020
. 0,835 0.53%0 0.0%40
8,330 0.6250 G.0620
2,000 8.6750 0.106¢0
-, 633 8.9840 0,187
-1,.90% 0.92%50 0.1030
-3.910 0.9490 6.0960
-2.620 0.9700 0.11¢00
e v —y=e
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i}

n . 2,540 ¢c™ Alpha ned, Q0 Freg s 0,00 H2
- a 0,000 ¢m Delta = ==-4,0° Uinf (LDVI® 2€3.3 Mo
Macke 0,500 lican Deltam-4,0° Uedge (LDV e 264.2 M- 8
Feyneg34H3Q00 ARuplitude 20,0 Usdge (HW) = 240,) mrs
LDY DATA (STRTICH HOT WIRE DATH
LU _‘L < —_
Y ¢n Ue . Ue Y cm Ve Ve
4.064 1.0000 -0.102¢ T.620 1.6000 -2, 0230
J3.3%6 0.%893 -9.0%c2 S.060 0.?2970 0.0100
.3.048 0.9719 0. 0942 3.810 0.6910 o.0z20
2.330 0.923¢ -0.0%594 3179 0.6%<9 (U T AY]
e.28¢ 0.,587% ~0.05%% . &.340 0.€200 B, 0420
2.032 90,9712 -0.049% T 1.909 0.%%10 O, 0320
1.7?8 0.€00% -@.G444 1.600 0,.8¢30 Q. 0400
1,924 0,770 -3.04%9 1.220 8.5%%20 0.0%10
1.270 g St 0. 0419 0.%c% 8.6099 0.0e70
1.142 0.6°7¢ -0.0280 8.635 0.7130 Q. 0520
1.0148 0.6364 -0.0238 9.080 8.9710 . 0550
0. 6€9 0.63%1 -3.,2109 -.629% 0. 9800 0, 03490
0.7e2 0.6%40 -¢.0122 -1.270 2.9970 0. 06500
0.625 0.670¢ ¢.q122 =g, %40 1.01%0 0. QS0
. 03 Q, 79" L0268 -P.620 1.0680 Q. 0480
8. 381 0.8782 0.0274 :
0.254 8.872% 0.0269%
.127 8. 92327 0.0291
0.0600 0.944} 08,0208 .
- 127 9,978% 0.9171¢
-.aB4 9,986 0,016%
-, 361 g.9%922 0.0163
-, 303 68.9943 0.0221 _
1ne v v v 150 v -r
RN 4 P - L
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X a=12,700 ca Alpha ned, B Froeq = 0,00

H2
2 = 0,000 ¢cn Delta a-4,0° Uinf ((LDVI® 261.3 v
Mach= 0,020 Hean Daltas~-4,0° : Uedge (LDV)® 264.2 m-4
Reyn=53508000 fapliitude =20,6° Usdge (HUW)» & 257.3 wn‘s
LDV DATH (STATIC) HOT HIKE DiThH
1] v ' U v
Y em Ueo Ue N oem : Ue Ut
2.413 0.9917 -0, 0741 ?.620 1.0000 0.0620
1.90% 0,987%¢ -0.0389 5.080 0.9130 0.0350
1.631 0.97%1 -9,0352 : 3.810 " 0.06%0 0.0%00
1.39? 90,9300 -0.0360 - 3.17% 8.6600 6.0400
1.142 0.9673 -0,0264 e.340 8.8840 0.63%0
8.869 0.90%¢ -0.622% 1,903 8.0640 0.6230
0.€63% 0.8074 -0.032% 1.270 6.67%0 0.0210
0.30% 06.8611 -0.0972 0.63% 8.9080 00370
C.127° 0.8207 -0.01443 0.900 0.97%50 0. 06280
-, 127 0,797 -0.00E? . -, 535 1.06260 @.4160
-.56398 B.?793¢ - 8.0027 -2.549 1.0€E0 - 6.0310
~. 869 6, 8064 -0.2093 -7.620 1.06%08 C.0300
-1.343 0.8379 -0.010%
-1.357 8.874% -0.0164
~-1.6951 0.9244 -g,.0208
-1.96% 1.0300 ~0.0190
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K w =2,%40 e Alpha  =+0,0¢ ‘Freq = 30.00 Mz
2 a 0,000 ¢cm Delta 8=-2,0¢ Uinf  (LDV)e 261.2 m-s
Muchs 0,800 Heen Deltas-4,06° Uedge <LDVs= 270.9 m-s
RevnwsS03000 Amplitude =s22,8° Uedge (HH) 8 2%7.6 wm-g
LDV DATA  ¢DYNANIC)
U v Ut vi
¥ ¢cm ve .. Ve Ue Uae
2,799 1.0800 -0.0081 0,040 20,0380
2.349 0,%¢13 -0.0140 0.02%0 0.03080
2.266 0.9674 -9.0030 0.02%0 0.2€30
e 032 @.%014 -0.0017 9.0290 0.,06400 "
1.778 0.9844 -0.0039 0.0320 0.0709
1.9524- 0.9%399 -0.0037 6.04%0 0.08660
1.278 0.7926 0.0089 0.0760 6.0508
1.01¢ 9.7061 0.0369 Q.0840 98,0620
8.762 0,703 0.0417 0., 6890 06,0850
0.%ue 60,7697 0.6286 8,08930 6.0630
0.259 0.647!¢ 0.0316 0.0990 0.0480
0.900 6,928 0.03006 00,0510 - 9.04c0
s 1 v v $0 . v v
so} 4 so > 4
wstp 4 wet 4
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X - =2,340 ¢cn ﬁlpha se(, G®
b4 s B.000 ¢cm Delra. s=4,0¢
Mach=a 0,600 Mean Daoltam-4,0%
Reyn=6300060 finplitude =22,0°
LBy pAaTtn
U v
Y ¢ uea Ue
2:.794 1.8000 -0.0134
2,340 0.9972 -0.013%
" @.236€ 0.9913 -0.0124
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